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PART  1 


INTRODUCTION  | 

I 

I 

A.  BACKGROUND .  The  U.S.  Army  Defense  Ammunition  Center  and  School  ' 

(USADACS) ,  Evaluation  Division  (SMCAC-DEV)  was  tasked  by  the  Storage  and 
Outloading  Division  (SMCAC-DEO)  to  test  a  unitization  procedure  for  Armor 

Tile  packed  in  wooden  boxes  of  approximately  38'  long  by  13-1/2' 
wide  by  4-9/16“  high  in  accordance  with  MIL-STD- 1660 . 

B.  AUTHORITY.  This  test  was  conducted  in  accordance  with  mission 
responsibilities  delegated  by  the  U.S.  Army  Armament,  Munitions  and  Chemical 
Command  (AMCCOM) . 

C.  OBJECTIVE.  The  objective  the  tests  identified  in  MIL-STD-1660  is  to 
determine  if  subject  unitization  procedure  for  Armor  Tile,  as  unitized,  will 
satisfactorily  meet  the  test  requirements  to  assure  safe  handling  and  trans¬ 
port  throughout  the  Army  logistics  system. 
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Ur.  A.  C.  McIntosh,  Jr. 
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AV  585-8989 


Mr.  David  V.  Valant 
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AV  585-8988 
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U.S.  Army  Defense  Ammunition  Center  and  School 
ATTN:  SMCAC-DEV 
Savanna,  IL  61074-9639 


U.S.  Army  Defense  Ammunition  Center  and  School 
ATTN:  SMCAC-DEO 
Savanna,  IL  61074-9639 
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PART  3 


TEST  PROCEDURES 

The  test  procedures  outlined  in  this  section  are  extracted  fro.m 
MIL-STD-1660 ,  Design  Criteria  for  Aauaxinition  Unit  Loads,  8  April  1977. 

This  standard  identifies  nine  steps  that  a  unitized  load  must  undergo  if  it 
is  considered  to  be  acceptable.  These  tests  are  synopsized  below: 

1.  STACKING  TESTS.  The  unit  load  shall  be  loaded  to  simulate  a  stack  of 
identical  unit  loads  stacked  16  feet  high,  for  a  period  of  one  hour.  This 
stacking  load  is  simulated  by  subjecting  the  unit  load  to  a  compression  of 
weight  equal  to  an  equivalent  16-foot  stacking  height.  The  compression  load 
is  calculated  in  the  following  manner.  The  unit  load  weight  is  divided  by  the 
unit  load  height  in  inches  and  multiplied  by  192.  The  resulting  number  is  the 
equivalent  compressive  force  of  a  16-foot-high  load. 

2.  REPETITIVE  SHOCK  TEST.  The  repetitive  shock  test  shall  be  conducted  in 
accordance  with  Method  5019,  Federal  Standard  101.  The  test  procedure  is  as 
follows.  The  test  specimen  shall  be  placed  on,  but  not  fastened  to,  the 
platform.  With  the  specimen  in  one  position,  vibrate  the  platform  at  1/2-incb 
amplitude  (1-inch  double  amplitude)  starting  at  a  frequency  of  about  3  cycles 
per  second.  Steadily  increase  the  frequency  until  the  package  leaves  the 
platform.  The  resonant  frequency  is  achieved  when  a  1/16-inch-thick  feeler 
may  be  momentarily  slid  freely  between  every  point  on  the  specimen  in  contact 
with  the  platform  at  some  instance  during  the  cycle  or  a  platform  acceleration 
achieves  one  plus  or  minus  zero  point  one  G.  Midway  into  the  testing  period 
the  specimen  shall  be  rotated  90  degrees  and  the  test  continued  for  the 
duration.  If  failure  occurs,  the  total  time  of  vibration  shall  be  two  hours 
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if  the  specimen  is  tested  in  one  position;  and  if  tested  in  more  than  one 
position,  the  total  time  shall  be  three  hours. 

3.  EDGEWISE  DROP  TEST.  This  test  shall  be  conducted  by  using  the  procedures 
of  Method  5008,  Federal  Standard  101.  The  procedure  for  the  Edgewise  Drop 
(Sotational)  Test  is  as  follows:  The  specimen  shall  be  placed  on  its  bottom 
with  one  end  of  the  base  of  the  container  supported  on  a  sill  nominally 
6  inches  high.  The  height  of  the  sill  shall  be  increased  if  necessary  to 
ensure  that  there  will  be  no  support  for  the  base  between  the  ends  of  the 
container  when  dropping  takes  place,  but  should  not  be  high  enough  to  cause 
the  container  to  slide  on  the  supports  when  the  dropped  end  is  raised  for 
the  drops.  The  unsupported  end  of  the  container  shall  then  be  raised  and 
allowed  to  fall  freely  to  the  concrete,  pavement,  or  similar  underlying 
surface  from  a  prescribed  height.  Unless  otherwise  specified,  the  height  of 
drop  for  level  A  protection  shall  conform  to  the  following  tabulation. 


GROSS  WEIGHT  NOT  EXCEEDING 

DIMENSIONS  ON  ANY  EDGE 
NOT  EXCEEDING 

HEIGHT  OF  DROP  LEVEL 
A  PROTECTION 

Pounds 

Inches 

Inches 

600 

72 

36 

3,000 

no  limit 

24 

no  limit 

no  limit 

12 

4.  MECHANICAL  HAMDLIHG  WITH  ATTACHMEMTS.  This  test  shall  be  conducted  in 
accordance  with  Method  5011,  Federal  Standard  101  Sub-Part  6.3,  Hoisting 
With  Slings.  Attach  slings  to  the  four  hoisting  arrangements.  The  length 
of  the  slings  shall  be  such  that,  when  lifting,  they  form  angles  between  20 
and  25  degrees  with  a  horizontal  plane.  Lift  the  specimen  clear  of  the 
floor  and  hold  it  suspended  for  not  less  than  two  minutes.  Observe  for  any 


indications  of  inadequacies  in  this  specimen.  Record  observations  and  let 
the  specimen  down.  Repeat  the  previous  procedure  using  three,  two, 
alternate  two,  and  one  sling. 

5.  IMPACT  TEST.  This  test  shall  be  conducted  by  using  the  procedure  of 
Method  5023,  Incline-Impact  Test  of  Federal  Standard  101.  The  procedure  for 
the  Incline- Impact  Test  is  as  follows:  The  specimen  shall  be  placed  on  the 
carriage  with  the  surface  or  edge  which  is  to  be  impacted  projecting  at 
least  2  inches  beyond  the  front  end  of  the  carriage.  The  carriage  shall  be 
brought  to  a  predetermined  position  on  the  incline  and  released.  If  it  is 
desired  to  concentrate  the  impact  on  any  particular  position  on  the  con¬ 
tainer,  a  4x4  inch  timber  may  be  attached  to  the  bumper  in  the  desired 
position  before  the  test.  Ho  part  of  the  timber  shall  be  struck  by  the 
carriage.  The  position  of  the  container  on  the  carriage  and  the  sequence  in 
which  surfaces  and  edges  are  subjected  to  impacts  may  be  at  the  option  of 
the  testing  activity  and  will  depend  upon  the  objective  of  the  tests.  When 
tbs  test  is  to  determine  satisfactory  requirements  for  a  container  or  pack 
and  unless  otherwise  specified  the  specimen  shall  be  subjected  to  one  impact 
on  each  surface  that  has  each  dimension  less  than  9.5  feet.  Unless  other¬ 
wise  specified,  the  velocity  at  time  of  impact  shall  be  7  feet  per  second. 
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PART  4 


TEST  EQUIPMENT 

1 .  TEST  SPECIMEN. 

a.  Drawing  Number:  19-48-4221-20PA1009 

b.  Width:  38‘ 

c.  Length:  54‘ 

d.  Height:  44' 

e.  Weight:  2,508  lbs. 

2.  COMPRESSION  TESTER. 

a.  Manufacturer:  Ormond  Scientific 

b.  Platform:  60  inches  by  60  inches 

c.  Compression  Limit:  50,000  pounds 

d.  Tension  Limit:  50,000  pounds 

3.  TRANSPORTATION  SIMULATOR. 

a.  Manufacturer:  Gaines  Laboratory 
b  Capacity:  6,000  pound  pallet 

c.  1/2- inch  Amplitude 

d.  Speed:  50  to  3000  cpm 

e.  Platform:  5  foot  by  8  foot 

4.  INCLINED  RAMP. 

a.  Manufacturer:  Conbur  Incline 

b.  Impact  Tester 

c.  10%  Incline 

d.  12-foot  Incline 

5.  Forklift  Rough  Handling  Course. 
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PAST  5 


TEST  RESULTS 


1.  STACKING  TEST. 

Pallet  Weight:  2,508  lbs. 

Pallet  Height:  44' 

Test  Load  Weight:  10,900  lbs. 

The  subject  pallet  was  loaded  to  11,000  lbs.  compression  for  a  period  of 
one  hour.  At  the  end  of  this  period  of  time,  the  compressive  load  had 
decreased  to  9,800  lbs.  While  in  the  compression  tester,  the  unitization 
decreased  1/2*  in  overall  height.  When  removed  from  the  compression  tester, 
irregular  packing  boxes  allowed  the  load  to  resume  its  initial  height  of 
44* . 

2.  REPETITIVE  SHOCK  TEST.  Subject  pallet  successfully  passed  the 
longitudinal  transportation  simulation  test  during  a  90-minute  test  period. 
Rotating  the  wallet  90  degrees  and  subjecting  it  to  a  second  90-minute 
period  in  the  transportation  simulator  caused  no  damage  to  the  pallet  or 
loosening  of  the  strapping.  In  order  to  achieve  a  1/16’  clearance  between 
the  pallet  and  the  transportation  simulator  bed,  the  equipment  was  operated 
at  180  rpm. 

3.  EDGEWISE  DROP  TEST.  Each  side  of  the  pallet  base  was  placed,  in  turn, 
on  a  beam  displacing  it  6*  above  the  floor.  The  opposite  side  was  raised  to 
a  height  of  24*  above  the  floor  and  then  dropped.  This  process  was  repeated 
until  the  pallet  had  been  dropped  on  all  four  sides.  No  damage  occurred  to 
the  pallet  during  the  edgewise  rotational  drop  test. 
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4.  MECHANICAL  HANDLING  TEST.  The  mechanical  handling  test  was  accomplished 
’'Sing  a  forklift.  This  occurred  while  moving  the  pallet  between  test 
stations  and  storage  buildings  over  gravel  roads.  All  forks  were  engaged  in 
the  fork  pockets  provided  on  the  pallet.  No  damage  or  deflection  of  the 
specimen  occurred  that  could  cause  damage  to  or  displacement  of  the 
contents . 

5.  IMPACT  TEST.  The  inclined  impact  test  consisted  of  placing  the  test 
pallet  on  an  inclined  sled  with  2*  of  the  pallet  projecting  over  the  edge  of 
the  sled  on  the  impact  side.  The  sled  was  then  raised  approximately  8  ft.  up 
the  inclined  ramp  and  allowed  to  accelerate  and  impact  into  a  solid  wall. 

This  test  was  repeated  once  on  each  side  of  the  pallet.  This  inclined  impact 
did  not  use  an  optional  bumper.  No  damage  occurred  to  the  unit  load 

after  impacting  all  four  sides. 
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PABT  6 


CONCLUSIOMS  AHD  RECOMMENDATIONS 

1.  CONCLUSIONS ■  The  unitization  procedures  for  armor  tile,  Ml  and  M2,  as 
depicted  in  the  unitization  procedure  drawing  19-48-4221-20PA1009 ,  as 
amended,  satisfy  the  requirements  of  MIL-STD-I660  as  tested  in  this  report. 

2.  RECOMMENDATIONS .  It  is  recommended  that  subject  unitization  procedures 
be  implemented  to  the  extent  allowed  for  the  handling,  storage,  and  trans¬ 
port  of  armor  tile  identified. 


6-1 


PAST  7 


PHOTOGBAPHS 
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IDEFENSE  AMMUNITION  CENTER  AND  SCHOOL-  SAVANNA.  IL 

Photo  No.  1.  This  photo  shows  the  armor  tile  pallet  in  the  compression  tester. 


DEFENSE  AMMUNITION  CENTER  AND  SCHOOL  -  SAVANNA.  IL 


c  i'  .  i !’.  i  s  phoLo  s!;^"^^s  tiu'  till'  palli't  .iitiM'  hi-iiip,  taken  out  of  the  eom- 

n  tvss  ;  I 'n  tester.  N'eti'  Liu'  i  niieni  .u  i  ons  in  the  iia  1  1  e  t  .s  t  rapp  i  np  .  This  was  eaiised  b\' 
LT.prept'r  st.ii'kine  e!  th.e  pa  1  1 1  t  on  top  ol  the  unitization.  The  eomiiressive  load  has  per 
r’.,!  r.L- a  t  ! Jetorraid  the  3/*"  strapping,  oausinp.  the  tiediiwn  strains  to  loosen. 


I  DEFENSE  AMMUNITION  CENTER  AND  SCHOOL-  SAVANNA.  iL 


Photo  Bo.  4.  This  photo  ■hom  th«  arnor  tilt  unit  load  ready  for  the 
first  edgewise  rotational  drop. 
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DEFENSE  AMMUNITION  CENTER  AND  SCHOOL-  SAVANNA,  IL 


Photo  Mo.  7.  This  photo  shows  the  armor  tile  unit  load  ready  for  the 
fourth  edgewise  rotation  drop.  Note  the  center  skid  on  the  left  has  cracked 
ro 


DEFENSE  AMMUNITION  CENTER  AND  SCHOOL-  SAVANNA,  IL 

Photo  No.  8.  This  photo  shows  the  armor  tile  unit  load  after  the  first 
inclined  impact. 


DEFENSE  AMMUNITION  CENTER  AND  SCHOOL-  SAVANNA.  IL 

I 


Photo  Mo.  9.  This  photo  shows  the  armor  tile  unit  load  after  the  second 
Inclined  impact. 


DEFENSE  AMMUNITION  CENTER  AND  SCHOOL-  SAVANNA.  IL 


Photo  Mo.  11.  This  photo  shows  the  armor  tile  unit  lond  after 
impact  on  the  fourth  and  last  side. 


PART  8. 


UNITIZATION  PROCEDURES 
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UNITIZATION  PROCEDURES  FOR  ARMOR 
TILE.  XMI  AND  XM2.  PACKED  2(XM2) 
OR  3  (XMI)  PER  WOODEN  BOX. 
UNITIZED  32  BOXES  PER  35"  X  45-1/2" 
PALLET;  APPROX  BOX  SIZE  38"  L  X 
13-1/4"  W  X  4-9/16"  H 


^HAZARD  CLASSIFICATION  DATA  CONTAINED  IN  THE  CHART  TO  THE 
UH  IS  FOR  GUIDANCE  AND  INFORMATIONAL  PURPOSES  ONLY. 
VERIFICATION  OF  THE  SPECIFIED  DATA  SHOULD  BE  MADE  BY  CON¬ 
SULTING  THE  MOST  RECENT  JOINT  HAZARD  CLASSIFICATION  SYSTEM 
LISTING  OR  OTHER  APPROVED  LISTING  I  S  L 


HWISION 

REVISION  Na  1,  DATED  JUNE  1986,  CONSISTS  OF: 

ADDING  ITEM  BY  NATIONAL  STOCK  NUMBER  I NSN  ) 
TO  "PALLET  UNIT  DATA"  CHART. 


QO  NOT  SCALt 


PALLET  UNIT  DATA 

ITEMS  INCLUDED 

HAZARD  CUSSIFICATION*) 

weight 

NSN 

DOOIC 

DOT 

CLASS 

CG 

CLASS 

00 

CLASS 

COMP 

GROUP 

(tSSI 

U75- 

01-223-1413 

ML91 

A 

m 

((Ml  1.2 

D 

2,472 

01-2Z3-29U 

ML« 

A 

a 

(IM)L2 

0 

Z472 

PWOJICT  CA  Z34-B6 


19 


49 


4221 


20PA 

1009 


SEC  G»4StAL  NOTE  X*  AT  KIOMT 

SEAL  FOi  3/4-  STtAmNG 
(«  R8QD,  1  FBt  STtAF). 
OIMF  EACH  SEAL  WITH 


A«  740*1  AND  AUOMO^TS  TM  743-200*1  (  CHA^S  S  )  AND  CONFORMS  TO 
MIL-STD-1440. 

I.  0IM04SIONS,  CUIE  AND  WOGKT  OF  A  FAUET  unit  tMU  VAffV  SUGHTLY 
D9B40ING  UFON  THE  >X1UAL  OIM9GIONS  OF  THE  lOKB  AND  THE  WSGHT 
OF  THE  SPBCmC  ITSH  ISNG  UNITIZS. 

C.  THE  LOAD  STIAFS  MAY  IE  THREADS  TMtOUOH  THE  STRAF  SLOTS  OF  A  FALLH 
OR  HIE-F0SIT10NS  ON  THE  FAUH  OECIC  HUOR  TO  FtAC»<G  ICKB  ON  THE 
FALLET.  LOM  STRAfS  MUST  IE  TBBIONO  AND  SEALS  FRIOR  TO  AFfUCA* 
nCN  OF  nSOVKN  SitAFS. 

0.  MSTAU  EACH  T1SOMN  STRAF  TO  FAQ  UNOB  THE  OflCIC^lNOar  ROARDS 
or  THE  FALIET  AND  TO  iE  lOCATS  AS  SHOVR4.  T1SOWN  SItAFS  VHU  NOT 
RE  AFHJS  UNTIL  THE  LOAD  STRAFS  HAVE  IE»l'r»>SIONS  AND  SEALS. 

E.  THE  F0U0Wt40  AMC  {  DARCOM  )  DRAWINGS  ARE  AFFUCAILE  FOR  OUTLOAO- 
»4G  and  storage  of  the  ITBAS  C^BS  RY  THB  AFFMIX. 

MILVAM— ORAHENG  1».4»^tRR*laFA|0ai. 

CARLOAOfr4G— *DRA^G  IR-4»4l1S*9FAI0aa. 

TRUCK10ADD4Q  -ORAVWNG  IO-4i-4l17-11FAICia. 

STORAGE"  '■■ORAWtIG  lf^4R-4l1^1-2-3-4-U-22FAI002. 

F.  FOR  METHOD  OF  SECURING  A  STRAF  CUHB  TO  THE  FALLET  UNIT,  SEE  DARCOM 
DRAVRNG  l^-tO^m-ROFlOQO. 

G.  B  ITBMS  CO/BS  HBON  4RE  UNITSS  FRIOR  TO  ISSUANCE  OF  Tm  DRAW* 
R4G,  THE  ROXB  NES  NOT  RE  taJNirSS  SOLBY  TO  CONFORM  TO  TMS 
APFMDC. 

H.  WHB4  AFHYt4G  ANY  STRAF,  OBE  MJST  IE  D(BCBS  TO  ASSURE  THAT  THE 
B4D  OF  THE  STRAF  ON  THE  UNDBSSE  OF  THE  JOBIT  RTfrlOS  AT  LEAST  4* 
IffONO  THE  SEAL.  TMS  DORA  MR4IMUM  LB^GTH  OF  STRAF  IS  REQURS  TO 
FBMIT  SUBEQUfrJT  TIGHTB4R40  OF  LOOSB4S  STRAFFING.  RETBISIONING 
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